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Abstract 
The detection of explosives and explosive-related compounds is of major importance for the monitoring of explosive-
contaminated sites. Current methods need to become cheaper and portable while maintaining a high sensitivity and selectivity 
level. In that sense, a silicon micro-analytical platform consisting of a three-dimensional micro-preconcentrator based on a 
hydrophobic zeolite, coupled to a silicon spiral micro-column was built. A chemical gas sensor acted as a miniaturized gas 
detector. This system allowed selective detection of orthonitrotoluene (ONT), an explosive-related compound at the sub-ppm 
level in the presence of toluene and moisture. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
In order to promote the safety of people in public areas, it’s important to prevent terrorism actions, by identifying 
the presence of explosive agents in some zones of risk, such as railways and airports. This requires the 
implementation of performing detection equipment that offer at the same time their portability, selectivity and low 
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detection limit [1]. Recently, a huge interest has been devoted to the fabrication of miniaturized systems that can be 
practically used for in situ analysis of various gases or vapours. The use of tin dioxide-based thin film sensors seems 
to be an obvious compromise between the low cost, their small size, their high sensitivity (small change in gas 
composition causes change in resistance) and fast response to many pollutant gases. Moreover, these detection 
devices can easily be miniaturized for the development of mobile systems. In spite of these considerations their 
selectivity still remains unsatisfactory for their further use as a mobile system. Indeed, these gas microsensors can’t 
provide any kind of selectivity when they operate alone. A chromatographic separation stage prior to the detection 
stage is a good alternative to provide selective detection towards a wide range of vapour mixtures. Netherless, to 
obtain a small and mobile device, it is necessary to miniaturized classical gas chromatographic columns. Regarding 
the necessity to detect very low concentrations of explosives and explosive-related compounds (ppm or ppb), a pre-
concentration stage is also envisaged in front of the GC micro-column in order to decrease the detection limit of the 
global system. In particular, the pre-concentration effect allows ppb level detection for a wide range of chemical 
compounds. In particular, the choice of the adsorbing material is the key factor behind the performance of the gas 
preconcentrator. Ideally, the suitable adsorbent must have a high adsorption capacity, a fast adsorption and 
desorption rate, as well as a good stability and durability in use. This study is focused on the development of 
chromatographic air analyzer microsystem and especially on the selection of an appropriate adsorbent for the 
preconcentration of a simili compound of trinitrotoluene (TNT). First we used silicon’s micro-machining standard 
process in order to manufacture 3D micro-preconcentrator and GC micro-column. Then we used some standard 
material analysis techniques to study a set of adsorbents and to validate the choice of the zeolite as ideal adsorbent 
for orthonitrotoluene. Finally, we tested the chromatographic air analyzer microsystem for the selective detection of 
low concentrations of ONT in the air. 
2. Materials and Methods 
2.1 Adsorbent preparation 
Herein, we studied three families of adsorbents: 
- Activated carbons (ACs) prepared from two commercial precursors. One from granular Norit with a grain 
size of 10-20 ȝm labelled “N”, and three from Kraft lignin with a grain size below 40 ȝm and labelled 
“KL1”, “KL2” and “KL3”. These carbons were chemically activated with KOH [2]. 
- A polymer: Tenax TA (80/100 mesh) was purchased from Sigma Aldrich and labelled “TA”. 
- A hydrophobic zeolite obtained from Degussa zeolite products: Faujasite DAY, so-called “FAUY”, with a 
particle size of 3-5 ȝm and a high SiO2/Al2O3 ratio. 
2.2 Adsorbent characterization 
In order to evaluate their porous properties and to determine their adsorption capacities (adsorption/desorption 
velocity, desorption temperature), the different adsorbents were first characterized by nitrogen adsorption 
manometry (ASAP 2020 Micromeritics) and then by thermogravimetric analysis (TGA 92). The porous properties 
(surface area, pore volume and average pore diameter) of the adsorbents were determined from the corresponding 
nitrogen adsorption-desorption isotherms at 77K with an automatic instrument. For that purpose, the samples were 
first outgassed at high temperature to eliminate the molecules adsorbed at room temperature and their adsorption 
data at relative pressures ranging from 10-5 to 0.99 were recorded. For the thermogravimetric analysis, 4 mg of the 
adsorbent powder was first out-gassed at 300°C under 100 mL.min-1 of N2. Then, every sample was exposed to a 
flow of 100 mL.min-1 of ONT at room temperature. The ONT concentration was 22 ppm in N2. The total desorption 
was realized by heating the sample at 230°C under 100 mL.min-1 of N2.  
2.3 Chromatographic air analyzer fabrication 
The micro-preconcentrator consisted of a three dimensional structure with a 5 mm-wide, 10 mm-long and 400 ȝm-
deep microcavity equipped with micropillars etched in a silicon substrate using deep reactive ion etching (DRIE) 
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(Fig. 1.a). The presence of the micropillars inside the microcavity promoted the fixing of the adsorbent and allowed 
getting a homogeneous distribution of the grains inside the microstructure. A platinum microheater was deposited by 
sputtering on the backside of the silicon cavity to allow the heating of the structure during the desorption step. The 
structure was finally sealed with a Pyrex tape by anodic bonding and the fluidic connections were realized by 
sticking two capillary tubes into the inlet and outlet microchannels of the structure. The general geometry selected 
for the GC microcolumn is a circular spiral configured like two interlocking structures in order to reduce the 
dimensions. At the beginning, the structures were patterned by using standard photolithographic processes. For the 
etching of the micro-channels through a silicon wafer (100) we also used plasma in order to form deep narrow 
channels with vertical sidewalls (DRIE method). After, the silicon substrate was coated with SiO2 by thermal 
oxidation (100 nm) in order to deposit the stationary phase (PDMS) on the internal walls of the micro-column. A 
closed channel is produced by anodically bonding a Pyrex wafer to the side of the etched channel. The result of the 
silicon wafer etching process is shown in Figure 1.b.  
To evaluate the performance of the microsystem (gas micro-preconcentrator and GC micro-column), a miniaturized 
tin oxide (SnO2) based gas sensor from Figaro was used for the detection of the target compounds (Fig. 1.c).  
(a) (b) (c) 
Figure 1: (a) gas micro-preconcentrator; (b) GC micro-column; (c) chromatographic air analyzer microsystem with 
SnO2 based gas sensor. 
3. Results and discussion 
3.1 Evaluation of the chromatographic air analyzer microsystem performances 
From thermogravimetric analysis, the Faujasite DAY adsorbent showed a high adsorption capacity and a high 
desorption rate as well. This zeolite was selected due to its good adsorption/desorption properties of ONT and its 
ability to completely desorb this molecule in one heating cycle [3].  
For the evaluation of the detection performances of the microsystem each experiment was divided into two main 
cycles. Firstly, we evaluate the detection limit with an adsorbent-free cavity. In this case, the detection peaks 
obtained serve as references. Secondly, we evaluate the desorption peaks with the presence of the adsorbent inside 
the micro-preconcentrator. In this case, the preconcentrator was first exposed to ONT balanced in synthetic air at 
room temperature under a flow rate of 100 mL min-1 during 5 minutes (load mode). After the adsorption cycle, a 
pulse of 230ºC was applied to the heater resistor to desorb the concentrated analyte (inject mode). After the
desorption step, the elution of the analyte started by heating the silicon micro-column from 40ºC to 85ºC at a rate of 
50ºC min-1. The inlet carrier gas pressure was equal to 30 psi (207 kPa). The use of a temperature ramp allowed 
obtaining at the same time an intense and narrow detection peak. The response of the system was evaluated by 
recording the variation of the SnO2 gas sensor’s instantaneous conductance versus time. During all these 
experiments, the sensor’s sensitive surface was maintained at 400°C.  
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Figure 2.a shows the detection peaks obtained without adsorbent (reference peaks in red) and with the zeolite DAY 
(desorption peaks in blue) for the concentration of ONT in dry air (2% RH). Without the use of adsorbent inside the 
micro-preconcentrator, the detection limit of the system was around 1 ppm. By using the zeolite DAY, it was 
possible to decrease the detection limit to 365 ppb.   
(a) (b) 
Figure 2: (a) Detection peaks obtained for ONT concentrations ranging from 365 ppb to 22 ppm; (b) selective 
detection of ONT in presence of 3 ppm of toluene. 
Figure 2.b shows the electrical responses obtained for the analysis of a mixture of toluene and ONT at different 
concentrations in dry air. These electrical responses were obtained by fixing the concentration of toluene at 3 ppm 
and varying the concentration of ONT from 22 ppm to 365 ppm. In these conditions, two detection peaks were 
obtained corresponding to the elution of toluene and ONT respectively. In fact, the use of the GC micro-column 
allowed separating each compound in function of its interaction with the stationary phase (PDMS). Once again, the 
chromatographic air analyzer microsystem was able to detect ONT at 365 ppb despite the presence of toluene in the 
sample at a concentration as high as 3 ppm. Thus, we clearly show the possibility to selectively detect low 
concentrations of an explosive-related compound (ONT).   
4. Conclusion 
A chromatographic air analyzer microsystem based on the coupling of a gas micro-preconcentrator, a spiral silicon 
micro-column and a miniaturized gas sensor intended for the detection of an explosive-related compound
(orthonitroluene) was fabricated. On one hand, the performance of a hydrophobic zeolite based micro-
preconcentrator was highlighted. In fact, beyond its good preconcentration capacity and fast desorption kinetics, this 
adsorbent showed an important preconcentration factor. On the other hand, the use of the GC micro-column allowed 
selectively detecting ONT at the ppb level. 
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